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Virtual Reality Exposure Therapy (VRET) has the potential to help clinicians manage a range
of symptoms related to anxiety disorders (e.g., Rothbaum et al., 1995; North et al., 1996). On
a theoretical level the proposed underlying mechanisms reflect those in traditional exposure
therapy; emotional processing is facilitated by activating the underlying fear structure through
confrontation with the feared stimuli, allowing responses to be modified in a controlled therapeutic
setting, so the stimuli will become less anxiety provoking when subsequently perceived (Rothbaum
et al., 2000). In a VRET treatment protocol, an individual is immersed into a virtual environment
that allows for sensory exposure to the feared stimuli via computer-generated displays. It permits
the individual to face their triggers in a safe environment and allows the therapist to control the
intensity and duration of the stimuli, based on their clinical appraisal. The environments can be
tailored to represent the individual’s fears and, in the case of Post-traumatic Stress Disorder (PTSD),
can be used to recreate a traumatic experience (e.g., Roy et al., 2006; Rizzo et al., 2009). VRET is
usually delivered via a head-mounted display which tracks the users’ head-movements and allows
for real-time updating of the scenes they can see (Wiederhold and Wiederhold, 2005).
The use of VRET for clinical purposes has been investigated empirically for the last 20 years
(e.g., Williford et al., 1993; Lamson and Meisner, 1994; Rothbaum et al., 1995). Over this period
the evidence base has grown substantially and multiple anxiety-related clinical diagnoses have
been investigated, including acrophobia (e.g., Rothbaum et al., 1995; Emmelkamp et al., 2002),
aviophobia (e.g., Rothbaum et al., 2000; Mühlberger et al., 2006), arachnophobia (e.g., Garcia-
Palacios et al., 2002; Cote and Bouchard, 2005; Bouchard et al., 2006), and PTSD (e.g., Rothbaum
et al., 1999; Ready et al., 2006). The effectiveness of VRET is now well-established: four independent
meta-analyses have concluded that such interventions lead to significant decreases in anxiety-
related symptoms (Parsons and Rizzo, 2008; Powers and Emmelkamp, 2008; Opris¸ et al., 2012;
Morina et al., 2015). Whilst the clinical efficacy of VRET is well supported, there continues to be
the perception that the strength of the evidence base is weakened by three key methodological
limitations: the use of small sample sizes (e.g., McLay et al., 2014; Castro et al., 2014; Morina et al.,
2015); a lack of appropriate control groups (e.g., Nelson, 2012; McCann et al., 2014); and, more
broadly, a lack of randomized controlled trials (RCTs: e.g., Nelson, 2012; McCann et al., 2014).
These suggestions are by no means new and have been highlighted repeatedly across the years. It
is generally portrayed that this picture has not changed as the research literature has grown (e.g.,
McCann et al., 2014), but to what extent is that true for these common concerns?
There are several different ways in which the above question could be answered. Here we
adopted a systematic quantitative approach and inspected two discrete sets of data. Firstly we
inspected all of the studies included in Parsons and Rizzo’s (2008) original meta-analysis to obtain
a picture of the research published in the 10 years following the seminal study by Rothbaum et al.
(1995; for full details of search and inclusion criteria, see Parsons and Rizzo, 2008, pp 3). This
consisted of 22 studies, published between 1995 and July 2006 and will be referred to here as the
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“early” studies. The same criteria were used to identify research
literature for our second dataset, those published between August
2006 and June 2015. This yielded a further 49 studies and will be
referred to here as the “later” studies. All 71 papers were reviewed
to determine how they perform in relation to the most common
concerns raised, specifically whether they used a small sample
(specified as p < 30, in line with Parsons and Rizzo, 2008),
whether they included a control condition, and whether an RCT
design was used.
A surface inspection of the papers appears to be broadly
consistent with the perceptions outlined above. The proportion
of studies with small sample sizes has increased within the
“later” studies (53%) compared to the “early” studies (41%).
Small sample sizes are more common than they used to be. In
a similarly discouraging outcome, a smaller proportion of the
“later” studies (69%) make use of control groups compared to the
early studies (82%). Control groups are used less often than they
used to be. The use of RCT designs has remained relatively stable
across time with 64% of the early studies using such designs, and
63% of the later studies using them. Given this picture it is not
unreasonable that researchers continue to raise these issues. If
anything, the proportion of studies with these methodological
issues is increasing rather than decreasing. However, this pattern
is not consistent across the literature as a whole and a closer
inspection of the data across different anxiety disorders reveals
a different picture.
On scrutiny of individual anxiety disorders, it is clear research
in some areas has significantly progressed toward overcoming the
methodological concerns presented. For example, in early studies
into arachnophobia only 20% used a sample size of 30 or more,
60% used a control group and 67% conducted RCTs, however
100% of later studies met these criteria. Similarly, none of the
early studies into public speaking used a sample size greater than
30 and only 50% used a control group or conducted an RCT.
100% of later studies into public speaking used a sample size
above 30, 84% used a control group and 83% of studies were
RCTs. It is apparent that research into arachnophobia and public
speaking has improved considerably, with small sample sizes no
longer an issue and an increasing number of studies using a
control condition and RCT design.
The picture when looking at other clinical disorders varies
slightly more. Studies into aviophobia out-perform the literature
as a whole: 85% include a sample size greater than 30, a control
group and an RCT design. However, the methods have, over
time, followed the same trend on all three methodological issues,
dropping from 100% in early studies to 75% in later studies.
Research into aviophobia therefore includes an increasing
number of studies that do not use a sufficient sample size,
a control group or an RCT design. In contrast, research into
acrophobia has an inconsistent pattern. Overall, the studies
perform better than average in terms of the percentage of studies
using more than 30 participants and the percentage of studies
using a control group (71 and 86%, respectively), yet performance
has deteriorated over time, from 75 to 66% for sample size and
100–66% for use of control group. In a contrasting finding, the
use of RCTs has improved over time, increasing from 50 to 67%.
Studies into acrophobia therefore make use of small sample sizes
and neglect to use a control group. In contrast, the use of an
RCT design has increased; the percentage of studies utilizing this
design is now approximately in line with the overall literature.
Studies into agoraphobia present a similarly complex pattern.
All early studies used a control group, an RCT design and a
sample size greater than 30. The performance of the later studies
is strikingly varied, 100% used a control group, 90% were RCTs
and only 50% used a sample size greater than 30. Research into
agoraphobia supports the conception that studies are still being
conducted using small sample sizes. It is evident research into
individual clinical disorders does not uniformly fit the overall
trends in the literature, providing mixed support for the concerns
highlighted.
Compared to research into the use of VRET to treat other
clinical disorders, studies focusing on agoraphobia show a
marked decrease in performance on the particular concern of
sample size. There are a number of possible reasons for this
particular limitation. The high drop-out rate of participants
means researchers have to recruit a higher number of participants
to have sufficient completers, for example Peñate et al. (2008)
recruited more than 30 participants but experienced a 22% drop-
out rate leaving them with less than 30 participants. They cited
lack of motivation, non-agreement with therapy and treatment
failing to meet participant expectations as the reasons (Peñate
et al., 2008). Of the studies included, drop-out rate is as high
as 37.5% (Castro et al., 2014), with further problems being cited
as participants feeling that the exposure made them “suffer,”
participants having many previously failed attempts at treatment
and the particularly high severity of symptoms (Pelissolo et al.,
2012; Castro et al., 2014). It has been highlighted that the clinical
symptomology in agoraphobia is more complex than in specific
phobias, impacting recruitment and attrition rates (Botella et al.,
2007; Malbos et al., 2012).
Finally, compared to research in other clinical areas it
appears that the literature on using VRET for PTSD contains a
particularly high number of studies with smaller sample sizes and
are less likely to use a control group or RCT design. In the past 10
years there has been a substantial increase in the proportion of the
literature concentrating on treating PTSD, increasing from 4.5%
of the “early” studies (n = 1) to 22% of the later studies (n = 11).
Only 8% of all studies regarding PTSD used a sample size greater
than 30, compared to 59% of studies into other anxiety disorders.
25% of the studies into PTSD use a control group and 25% use an
RCT design, whereas 83 and 71% of the other studies fulfill these
criteria, respectively. It is evident that research concentrating on
PTSD does not consistently meet the methodological criteria that
have been consistently raised as concerns.
There are a number of possible explanations why research
concerning PTSD features thesemethodological limitationsmore
than others. The lower prevalence of individuals developing
PTSD than specific phobias (Kessler et al., 2012) means a smaller
population of potential participants for studies. Furthermore,
of the studies into PTSD, 83% used a military population;
specific problems with recruitment have been highlighted within
this population (Brown and Bruce, 2015). McLay et al. (2011)
suggested stigma around mental health, constant changes to
work schedules and changes to military personnel overseeing
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the participants as barriers to recruitment. This difficulty in
recruiting participants therefore makes it problematic to include
a control group and still be able to report reliable findings (Ready
et al., 2010).
CONCLUSIONS
There has been a common conception that studies using VRET
to treat anxiety disorders continue to use small sample sizes
and lack appropriate control groups or an RCT design: these
concerns have been recently and repeatedly raised, suggesting
some researchers do not consider the situation to have improved.
In a preliminary survey of the literature it appeared these
frequently expressed concerns are verified, with a decrease
in use of larger sample sizes and control groups, and the
proportion of studies using an RCT design unchanged since 2006.
However, the underlying patterns differ considerably according
to the clinical disorder investigated, making it important that
findings from the literature are not dismissed as a result of
the methodological limitations highlighted. Research concerning
both arachnophobia and fear of public speaking has all but
eliminated these concerns. The pattern is more mixed for studies
into agoraphobia, acrophobia, and aviophobia, with research
concerned with PTSD rarely meeting the criteria.
Larger samples, of course, allow for more precise estimates
of the treatment’s effect, and more precise estimates of
confidence intervals, leading to more meaningful comparison
with alternative treatment options. Moreover, the use of
appropriate control conditions and RCT designs enables
researchers to compare VRET to other treatment options
with more confidence and more readily illustrates its clinical
effectiveness to practitioners. These are not minor issues and
are of importance to both researchers and practitioners in
assessing the strength of the evidence base. However, the
common conception is that VRET research is relatively weak
on these issues. It is recommended here that both researchers
and practitioners take a more differentiated view of the literature
according to the anxiety disorder of interest. The evidence base
has grown sufficiently now to begin to make such judgements.
AUTHOR CONTRIBUTIONS
SP contributed by developing the concept, interpretation of
research, drafting, revising, and finalizing the transcript. MC
contributed by assisting with developing the concept, revising
the transcript, and approving the final version to be published.
SP and MC agree to be accountable for all aspects of the work
in ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved.
FUNDING
The preparation of this article was supported by the SPARK
Postgraduate Employability & Enterprise Scholarship provided
by York St John University.
REFERENCES
Botella, C., García-Palacios, A., Villa, H., Baños, R., Quero, S., Alcaniz, M.,
et al. (2007). Virtual reality exposure in the treatment of panic disorder and
agoraphobia: a controlled study. Clin. Psychol. Psychother. 14, 164–175. doi:
10.1002/cpp.524
Bouchard, S., Côté, S., St-Jacques, J., Robillard, G., and Renaud, P. (2006).
Effectiveness of virtual reality exposure in the treatment of arachnophobia
using 3d games. Technol. Health Care 14, 19–27.
Brown, N. B., and Bruce, S. E. (2015). Stigma, career worry, and mental illness
symptomatology: factors influencing treatment-seeking for operation enduring
freedom and operation Iraqi Freedom Soldiers and Veterans. Psychol. Trauma
doi: 10.1037/tra0000082. [Epub ahead of print].
Castro, W. P., Sánchez, M. J. R., González, C. T. P., Bethencourt, J. M., de la
Fuente Portero, J. A., and Marco, R. G. (2014). Cognitive-behavioral treatment
and antidepressants combined with virtual reality exposure for patients with
chronic agoraphobia. Int. J. Clin. Health Psychol. 14, 9-17. doi: 10.1016/S1697-
2600(14)70032-8
Cote, S., and Bouchard, S. (2005). Documenting the efficacy of virtual reality
exposure with psychophysiological and information processingmeasures.Appl.
Psychophysiol. Biofeedback, 30, 217–232. doi: 10.1007/s10484-005-6379-x
Emmelkamp, P. M., Krijn, M., Hulsbosch, A. M., de Vries, S., Schuemie, M. J., and
van der Mast, C. A. (2002). Virtual reality treatment versus exposure in vivo:
a comparative evaluation in acrophobia. Behav. Res. Ther. 40, 509–516. doi:
10.1016/S0005-7967(01)00023-7
Garcia-Palacios, A., Hoffman, H., Carlin, A., Furness, T. A. III, and Botella, C.
(2002). Virtual reality in the treatment of spider phobia: a controlled study.
Behav. Res. Ther. 40, 983–993. doi: 10.1016/S0005-7967(01)00068-7
Kessler, R. C., Petukhova, M., Sampson, N. A., Zaslavsky, A. M., and Wittchen, H.
U. (2012). Twelve-month and lifetime prevalence and Lifetime morbid risk of
anxiety and mood disorders in the United States. Int. J. Methods Psychiatr. Res.
21, 169–185. doi: 10.1002/mpr.1359
Lamson, R., and Meisner, M. (1994). “The effects of virtual reality immersion in
the treatment of anxiety, panic and phobia of heights,” in Proceedings of the
2nd Annual Conference on Virtual Reality and Persons With Disabilities, ed H.
Murphy (Northridge, CA: California State University, Northridge), 63–68.
Malbos, E., Rapee, R., and Kavakli, M. (2012). A controlled study of agoraphobia
and the independent effect of virtual reality exposure therapy. Aust. N.Z. J.
Psychiatry 47, 160–168. doi: 10.1177/0004867412453626
McCann, R. A., Armstrong, C. M., Skopp, N. A., Edwards-Stewart, A., Smolenski,
D. J., June, J. D., et al. (2014). Virtual reality exposure therapy for the treatment
of anxiety disorders: an evaluation of research quality. J. Anxiety Disord. 28,
625–631. doi: 10.1016/j.janxdis.2014.05.010
McLay, R. N., Ram, V., Murphy, J., Spira, J., Wood, D. P., Widerhold, M.
D., et al. (2014). Effect of virtual reality PTSD treatment on mood and
neurocognitive outcomes. Cyberpsychol. Behav. Soc. Netw. 17, 439–446. doi:
10.1089/cyber.2013.0383
McLay, R. N., Wood, D. P., Webb-Murphy, J. A., Spira, J. L., Wiederhold, M. D.,
Pyne, J. M., et al. (2011). A randomized, controlled trial of virtual reality-graded
exposure therapy for post-traumatic stress disorder in active duty service
members with combat-related post-traumatic stress disorder. Cyberpsychol.
Behav. Soc. Netw. 14, 223–229. doi: 10.1089/cyber.2011.0003
Morina, N., Ijntema, H., Meyerbröker, K., and Emmelkamp, P. M. G. (2015).
Can virtual reality exposure therapy gains be generalized to real-life? A meta-
analysis of studies applying behavioral assessments. Behav. Res. Ther. 74, 18–24.
doi: 10.1016/j.brat.2015.08.010
Mühlberger, A., Weik, A., Pauli, P., and Wiedemann, G. (2006). One-session
virtual reality exposure treatment for fear of flying: 1-year follow-up and
graduation flight accompaniment effects. Psychother. Res. 16, 26–40. doi:
10.1080/10503300500090944
Frontiers in Psychology | www.frontiersin.org 3 March 2016 | Volume 7 | Article 326
Page and Coxon Virtual Reality Exposure Therapy Methods
Nelson, R. J. (2012). Is virtual reality exposure therapy effective for service
members and veterans experiencing combat related PTSD? Traumatology 19,
171–178. doi: 10.1177/1534765612459891
North, M. M., North, S. M., and Coble, J. R. (1996). Effectiveness of virtual
environment desensitization in the treatment of agoraphobia. Presence-Teleop.
Virt. 5, 346–352. doi: 10.1162/pres.1996.5.3.346
Opris¸, D., Pintea, S., García-Palacios, A., Botella, C., Szamosközi, S˛., and David,
D. (2012). Virtual reality exposure therapy in anxiety disorders: a quantitative
meta-analysis. Depress. Anxiety 29, 85–93. doi: 10.1002/da.20910
Parsons, T. D., and Rizzo, A. A. (2008). Affective outcomes of virtual
reality exposure therapy for anxiety and specific phobias: a meta-analysis.
J. Behav. Ther. Exp. Psychiatry 39, 250–261. doi: 10.1016/j.jbtep.2007.
07.007
Pelissolo, A. Z., Zaoui, M., Aguayo, G., Yao, S. N., Roche, S., Ecochard, R., et al.
(2012). Virtual reality exposure therapy versus cognitive behavior therapy for
panic disorder with agoraphobia: a randomized comparison study. J. Cyber
Ther. Rehabil. 5, 35–43.
Peñate, W., Pitti, C. T., Bethencourt, J. M., de la Fuente, J., and Gracia, R. (2008).
The effects of a treatment based on the use of virtual reality exposure and
cognitive-behavioral therapy applied to patients with agoraphobia. Int. J. Clin.
Health Psychol. 8, 5–22.
Powers, M. B., and Emmelkamp, P. M. G. (2008). Virtual reality exposure therapy
for anxiety disorders: a meta-analysis. J. Anxiety Disord. 22, 561–569. doi:
10.1016/j.janxdis.2007.04.006
Ready, D. J., Gerardi, R. J., Backscheider, A. G., Mascaro, N., and Rothbaum, B. O.
(2010). Comparing virtual reality exposure therapy to present-centered therapy
with 11 U.S. Vietnam veterans with PTSD. Cyberpsychol. Behav. Soc. Netw. 13,
49–54. doi: 10.1089/cyber.2009.0239
Ready, D. J., Pollock, S., Rothbaum, B. O., and Alacorn, R. D. (2006). Virtual reality
exposure for veterans with posttraumatic stress disorder. J. Aggress. Maltreat.
Trauma 12, 199–220. doi: 10.1300/J146v12n01_11
Rizzo, A. A., Difede, J., Rothbaum, B. O., Johnston, S., McLay, R. N., Reger, G.,
et al. (2009). VR PTSD exposure therapy results with active duty OIF/OEF
combatants. Stud. Health Technol. Inform. 142, 277–282. doi: 10.3233/978-1-
58603-964-6-277
Rothbaum, B. O., Hodges, L., Alacorn, R., Ready, D., Shahar, F., and Grapp, K.,
et al. (1999). Virtual reality exposure therapy for PTSD Vietnam veterans: a
case study. J. Trauma. Stress 12, 293–271. doi: 10.1023/a:1024772308758
Rothbaum, B. O., Hodges, L. F., Kooper, R., Opdyke, D., Williford, J. S., and
North, M. (1995). Effectiveness of computer-generated (virtual reality) graded
exposure in the treatment of acrophobia. Am. J. Psychiatry 152, 626–628. doi:
10.1176/ajp.152.4.626
Rothbaum, B. O., Hodges, L., Smith, S., Lee, J. H., and Price, L. (2000). A controlled
study of virtual reality exposure therapy for the fear of flying. J. Consult. Clin.
Psychol. 68, 1020–1026. doi: 10.1037/0022-006X.68.6.1020
Roy, S., Law, W., Patt, I., Difede, J., Rizzo, A., Graap, K., et al. (2006). Randomized
controlled trial of CBT with virtual reality exposure therapy for PTSD. Annu.
Rev. Cyberther. Telemed. 4, 39–44.
Wiederhold, B. K., and Wiederhold, M. D. (2005). Virtual Reality Therapy for
Anxiety Disorders. Washington, DC: American Psychological Association. doi:
10.1037/10858-000
Williford, J., Hodges, L., North, M., and North, S. (1993). “Relative effectiveness
of virtual environment desensitization and imaginal desensitization in the
treatment of acrophobia,” in Proceedings Graphic Interface (Toronto, ON:
Canadian Human-Computer Communications Society), 162.
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2016 Page and Coxon. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) or licensor are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 4 March 2016 | Volume 7 | Article 326
